
Europaisches Patentarnt 
European Patent Office 
Office europ^n des brevets 



0 Publication number: 



A2 



® EUROPEAN PATENT APPLICATION 

® Application number: 87308730.8 . 0 Int. CI/: HOI R 11/24 

@ Date of filing; 01.10.87 . • : 



® Priority: t4.1 1 .8S US 930494 

® Date of publication of application: 
25.05.88 Butletih 88/21 

® Designated Contracting States: 
DE ES PR GB IT NL SE 



® Applicant: MINNESOTA MINING AND 
MANUFACTURING COMPANY 
3M Center, P.O. Box 33427 
St Paiil, Minnesota 55133-3427(US) 

@ Inventor: Strand, Uerome E. c/o Mlrthesota 
Mining and 

Martufact Co. 2501 Hudson Road P.O. Box 
33427 

jSt Paul Minnesota 551 33-3427(US) 

® Representative: Balllle, lain Cameron et al 
c/o Ladas & Parry Isartprplatz 5 
D-8p00 MUnchen 2(DE) 



(E) Electrical connector. 

® An electrical connector for removably attaching a 
flat, electrode to a conducting cable is shown. Flat, 
conductive upper , and lower jaws are connected at 
the rear by flexible, resilient spring means, and. are 
spaced apart, at . the front. The jaws are mbunted 
within a housing, and . 4tfe surmounted by a slide 
actuator having a finger movable member passing 
through a slot in a housing rpof: The actuator slides 
on a guide means -having a front planar surface and 
a rear planar surface higher than the front planar 
surf&ce/ the two planar surfaces connected by a 
ramp in a transition area. In the fonvard position, the 
actuator compresses the jaws together oh the sur- 
faces of the flat electrode to tightly hold the elec- 

^trode in a locked conductive connection, and simple 
finger movement of the actuator releases the elec- 

Strode. .■..*-. 
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ELECTRICAL CONNECTOR 



Reld of the Invention 

This invention relates to electrical connectors 
useful for removable attachment to flat biomedical 
electrodes. In particular, this invention relates to a 
small, lightweight connector which will connect to» 
finnly. hold, and easily disconnect from a flat 
biomedical; electrode for maintaining an electrical 
connection to a conductive cable leading to ^ re- 
corder, meter, current or voltage, source, or other 
device. 



Background of the Invention 

Rat biomedical . electrodes are used in various 
applications. A common use is for transcutaneous 
monitoring of biological and physiological electrical 
potential sssociated with muscular activity. Flat . 
electrodes are also comnnonly used for grounding 
patients during^ electrosurgery: The thickness of 
such electrodes may be . less than t millimeter, or 
as great as 5 millimeters or more. 

In rtredicai and olfrer appliciations, several dif- 
fering types of connectors are used for conducting 
the electrical signal from the flat electrode to the . 
measuring, recording, or grounding device. For 
best results and ease- of operation, connectors de- 
sirably provide firm conductive connections, yet are 
readily removed from, the electrode. In electrocar- 
diographic applications, flat electrodes may be at- 
tached to patients for short^erm diagnipses. Long 
term rhonjtoring is also commoni where the elec- 
trode is operatively connected to . a monitoring de- 
vice for several days. Unless the electrical, connec-^ 
tions are tight the patients moyiements may stress 
the connecting cables sufficiently to pull the con-, 
hectors from the electrodes. In addition, the con- 
nector should be held immobile on the surface of 
th& electrode, since relative movement there- 
between may produce artifacts in a signal. 

One type of connector currently used in the 
medical field for attachnnent to flat electrodes is the 
well-known alligator clip, which depends on a small 
spring to provide the closing force. The holding, 
force is transmitted through teeth on the jaws, 
rather than through flat surfaced jaws. Alligator 
clips tend to move on electrodes, and provide little 
surface contact for holding electrodes- 

Another connector commonly used is the snap 
connector, in which a female member is snapped 
onto a circular mile buttori. The female member 
may easily rotate on the male button and thereby 
produce artifacts on an electrical trace. 



Bolduc. U.S.' Patent No: 3.624,590. shows a 
clamp for a flat grounding plate electrode, in which 
a spring provides the clamping force. Projections 
on one of the clamping jaws pass through noles in 

5 the electrode to lock it in place. 

Lane. U.S. Patent No. 3,475,717. describes an 
electrical connector for printed circuit boards In 
which a spring member in each side of the circuit 
board is actuated by k rndvable member. Contact 

TO between the springs and ihe circuit boa^rd is limited 
to a downward projecting edge of the springs. 

Another form of connector is shown in Bast at 
al.. U.S. Patent No. 4.oai.408. An integral elec- 
trically conductive sheet is motivated downward to 

IS ^ a closed position by a lever arm for holding a plate 
electrode. The holding force is exerted along a 
narrow strip where the rounded end of the lever 
contacts the conductive sheet. 

Bolduc. U.S. Patent No. 3.842.394. shows an 

20 electrical connector for a grounding plate electrode 
in which the jaws are closed by. a hand actuated 
clamp moving against a coif spring. The clamp 
handle ilhay be turned to adjust the holding force, 
and a projection may be used to pierce the elec- 
. 25 trode to hold it in place. ; . 



Summary of the Invention 

30 The present invention is an electrical connector 

for removably attaching a flat electrode to a con- 
ducting cable. The connector has clamp means, a 
slide actuator, a housing, and a closure member. 
The clamp means has a flat upper jaw and a flat 

3$ lower jaw for holding the electrode. The -jaws have 
■'front and rear ends, and are comprised of cdnduc- 
. five resilient flexible sheet material s.uch as spring 
metal. The inner facing surfaces are spaced from 
each other at the front end for accepting and 

40 retaining an electrode. The jaws are joined at the 
rear end by flexible resilient spring means to nor- 
mally maintain the jaws in an open position, and 
are iadapted for pivotal downward movement of the 
upper jaw toward the lower jaw to an electrode 

45 retaining position. In this position, the facing sur- 
' faces of the jaws resist movement of the flat elec- 
trode. The jaws are adapted for conductive attach- 
ment to a 'conducting cable by soldering, welding, 
crimping or other method. 

'so The slide actuator serves to motivate the upper 

jaw downward from the open position to the closed 
positior). The slide actuator has a generally flat 
slide plate with a fowardly directed, dowriwardly 
sloped front edge which contacts a slide actuator 
guide means formed in the housing. The slide plate 
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is surmounted by a finger-movable member which -. 
moves forward to close, the jaws and lock the 
connector onto the electrode and backward to open 
the jaws and unlock the connector from the elec- 
' trode! " ' . * 

The clamp means and slide actuator are con- 
.tained in the hpusfng which has a front opening. 
The jaws of the clamp means are oriented so that 
their front ends are adjacent the front opening of. 
the housing for receivlngf and holding the. electrode. 

The housing has a base; roof, and two side 
members connecting the corresponding lateral 
edges of the. base and. roof. The base supports of. 
the lower jaw of the clamp means. The roof has a 
rearward opening slot through which the fingerr 
movable member of the slide actuator passes. 
Thus, the slide actuator is moved forwardiy and 
rearwardly within the slot in the roof. 

The housing also includes a slide actuator 
guide means located at or below the underside of 
the roof. It has front and. rear generally planar 
surfaces separated by a transition area. The transi- 
tion area is forwardly-directed ramp angled down- 
wardly from the rear surface to the front surface. A 
first forward movement of the slide, actuator forces • 
the actuator downward along the guide means 
ramp so that the lower surface of the slide plate of 
the actuator contacts the upper jaw and motivates 
it downwardly, generally pivotally about the rear 
end of the clarinp means* The upper jaw is thus 
moved downward to the electrode retaining posi- 
tion. Further forward movement of the slide ac- 
tuator along the front planar lower surface of the 
slide actuator, guide means frictionally locks the 
slide actuator into its. electrode retaining position. 

Abutting the rear of the housing and attached 
to it is a closure nrtember. When attached to the 
housing, the closure member retains the clamp 
means and the slide actuator within the housing. 
The closure member has an aperture though which 
a cable is passed for attachment fo .the clamp 
means. . 

In a preferred embodiment the front generally 
planar surface and the transition area of the slide 
actuator guide means comprises a plurality of ribs 
integral with and depending from the roof of the 
housing. The ribs are aligned parallel with slot in 
the roof, 

. Another preferred embodiment includes at 
least one opening in the rear end of the jaw and at 
least one jaw positioning means extending upwar- 
dly from the base of the housing. The opening in 
the jaw and the post are aligned so that the post 
rests in the opening to rhaintain the clamp means 
within the housing. 

In an alternative embodiment the outer surface 
of the base includes a transverse ridge to facilitate 
manual gripping of the connector. 



The preferred champs means has the fonward 
edge of the lower jaw bent downwardly and the 
forward edge of the upper jaw bent upwardly. 
These upward and downward bends serve as 
5 ramps to facilitate insertion of an electrode be- 
tween the jaws. 

The preferred clamp means also has means on 
the jaw surfaces for resisting movenient of an elec- 
trode surface. The surfaces may be rough grained 

TO or they may have rearwardly proje.ctirig teeth on 
one or both surfaces. Most preferred are elec- 
trically conductive rearwardly projecting teeth. 

In an alternative embodiment the housing has 
" slots in each side member. The slots are adjacent 

15 the sides of the clamp means. They allow use of 
the connector with flat electrodes that, are wider 
than the width of the connector. 

The connector may also include clamp retain- 
ing means connected to the> closure member- The 

20 clamp retaining means, abut the., rear end of the 
jaws when the closured rriember Is attached to. the 
housing to prevent forward and rearvyard movement 
of the clannp means within the housirig. 

When assembled, the connector provides sig- 

25 nificantly improved holding power beciause of the 
wedging action of the slide actuator between the 
slide actuator guide , means and the upper jaw. The 
holding power is achieved with minimal height, and 
the connector may be very small without sacrificing 

30: its holding strength. Because of the relatively large 
jaw area which compresses the electrode, the elec- 
trode is less likely to tear, when compared to a. 
connector which simply uses a nnember passing 
through a hole in the electrode to lock it in place.- 

35 The electrode of the present invention is prevented 
from easy nriovem.ent within the jaws, avoiding pos- 
sible artifacts in electrocardiographic use, This new 
icohnector is easily and readily attached and re- 
moved by simple finger movennent. 

4o . , Unlike some presently used connectors, both 
jaws are conductive, so that the cphnector may be 
attached to an electrode having a conductive sur- 
face on only one side with either side up. 

45 - ' . 

Brief Description of the Drawings 

FIG, .1 is a diagrammatic view showing the 
connector of the invention linking a biomedical 
50 electrode used on a patient to an ECG/EKG unit. . 

FIG. 2 is a perspective view of one. embodi- 
ment of the invention together with a breakaway 
view of a tabbed flat electrode. 

FIG. 3 is a perspective .view of the housing 
55 of the invention. 

FIG. 4 is a plan view of the housing and a 
detached closure member of the invention. 
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FIG 5 is a cross-sectional front yiew of the 
housing taken along Rne 5-5 of FfG. 4. ' 

FIG. 6 is. a cross-sectionai' plan view of the 
housing taken along line 6-6 of FIG. 3, together 
with a plan view of the closure attached to the 
. housing and the ciamp means within the housing. 

FIG. 7 is a cross-sectionaf side view' of the 
housing taken along line. 7-7 of FIG, 6, and further 
illustrating the clamp means and slide actuator of 
the invention shown m full, with the jaws in an 
open, undamped position. 

F^G. a- is a crqss-sectional .side view of the 
housing correspanding ta^ n&. T, showing: the 
clamp means and slide actuator in full in the 
closed, electrode retaining position, 

FIG, 9 is a front view of an embodiment of 
the closure member of the invention. 

FIG. 10 is a rear view of the closure member 
embodiment of RG. 9u 

RG: 1 T is a cross-sectional side- view of. the 
closure member of RG. 9. taken along line 11-11. 

FIG. 12 is a cross-sectional side view of the 
closure member of FIG. 9. taken alpng line 12-12. 
RG. 13 is a top view of an embodiment of 
. the slide actuator of the invention. 

RG. t4- is a side view of the slide actuator of 
RG. 13. 

FIG. t5. is a. bottom view of an embodiment 
of the lower jaw of the clamp means of the inven- 

. tion. ' ' 

FIG. 16 is a side view of the housing and 
closure member of a. further embodiment of this 
invention. 



Detailed Description of the Invention 

turning now to RG. 1, the instant invention is 
illustrated as used for electrocardiographic diagno- 
sis of a human patient. Flat electrodes 2 are at- 
tached to the patient by suction, adhesive, tape, or 
other means to measure the electrical potential at 
several locations. Connectors 3 of this invention are 
attached to cables 4 and are removably attached to 
flat electrodes 2. The other end 5 of each cable is 
connected to an electrocardiographic recorder 6 for 
providing a time trace of the potential. 

FIG. 2 shows an embodiment of the connector 
3 in detail, together with a portion of a flat tabbed 
electrode 2 for use in electrocardiography. This 
particular electrode is shown with backing 7 having 
an conductive member 8 attached to its lower side 
and an adhesive layer 9 for attaching the electrode 
to a patient's skin. The backing 7 may be a flexible 
material such as a' foamed elastomer, a film, a non- 
woven web or other material. A tab 10 of electrode, 
2 is shaped to be inserted into a connector 3 of 
this invention so that a continuous, undistorted 



electrical signal may be transmitted from the elec- 
trode 2- though the connector 3 . and cable 4 to 
recorder 6 as previously shown in FIG. 1 . 

Connector 3 is shown in FIG. 2 as a housing 
5 11. an attached closure member 12 , and a clamp 
means .14 within the assembled housing 11 and 
closure member 12 for accepting and retaining tab 
10 in electrical contact with the connector. The 
housing 11 has a front opening 13. leading to the 
TO open front end between lower jaw 15 and upper 
jaw 16 of clamp means 14. 

The housing 11 corhprises a base 23 which 
supports the clamp means^ a roof 24 with a rear- 
ward opening slot 27, and two side members 25. 
15 each joining a lateral .edge of a roof 24 and the 
corresponding, lateral edge of base 23. A slide 
plate 19 and attached finger movable nriember 20 
together comprise a slide actuator- 26. The slide 
plate 19 slides on or beneath the lower surface of 
20 the roof 24. and fjnger-nriovable member 20 rides 
In slot 27 between a front and a rear position'. In its 
front position. It forces the upper jaw 16 downward 
to compress the tab 10 between jaws 15 and 16. In 
the rear position depicted in FIG. 2, the jaws are 
.25 separated from each other in an open position. A 
transverse ridge 21 is shown in the base to assist 
In gripping the conriector while moving member 20 

. of the slide actuator. 

RG. 3 shows some of the details of an embodi- 

30 ment of the housing 11 of this inyeVition. The base 
23v roof 24 and side members 25 are shown. The 
roof 24 has a rearward opening slot 27 through 
which the finger-movable member 20. not shown, 
passes. Guide ribs 29 are shown integrally formed 
.35 on the underside of roof 24. Each rib has a gen- 
erally planar lower surface 30 and an angular tran- 
sition area 31 to the rear of planar surfac^ 30. 
Transition area 31 comprises a forwardly directed, 
downwardly angled ramp connecting a generally 
.40 plainer area 32 on the underside of the roof 24 and 
rearward of the transition are to the planar lower 
surface 30. In this embodiment the .guide ribs 29 
together with the planar surface 32 to the rear of 
ribs 29 comprise the slide actuator guide means. In 
45 operation, slide plate 19 of the slide actuator, not 
shown in this drawing, is actuated to move from a 
rear position where it is in contact with generally 
planar surface 32 to a lower position in contact with 
lower surface 30 of the rifc>s 29. 
50 As more clearly shown in FIG. 7 - and 8. the 

slide plate 19 has a forwardly-directed, downwardly 
sloped front edge 51. This front edge 51 slides 
against the ramp of the transition area 31 to move 
the slide plate 19 up and down as it is motivated 
55 backward and fonArard, respectively. Preferably, the 
. angle of slope on the front edge 51 is 20-50 
degrees from horizontal and is approximately the 
same angle as Jhat of the matching guide means 
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ramp 31. fIG. 3 also shows ribs 29 with sloped 
front ends 33 for receiving . upper jaw .16 w.hen it is 
in the open position. An additional support member 
34 which also has a sloped front end is depicted. 

In this embodiment, a rearward extension 35 of 
base 23 mates with closure mennber 1.2. The exten- 
sion is shown with angled planar sides 37, and with 
cable guide members 38. Extending rearward from 
each side member 25 is a latch extension 39 with 
notch 40. Notches 40 Interlock with matching In- 
dentations ori the closure member t2,. holding the 
closure member 12 and housing It tightly to- 
gether, but permitting their separation when de- 
sired. 

Turning now to FIG. 4. housing 11 and closure 
member 12 are shown in plan . view. Roof 24 is 
shown with rearward opening slot 27. Ramps 31 
and sloped front ends 33 of guide ribs 29 are 
depicted by hidden lines. Support member 34 is 
likewise shown. Base 23 is illustrated with rearward 
extension 35 with cable guide members 38 extend- 
ing upwardly therefrom. Jaw positioning means 41 
extends upwardly from base 23 to retain lower jaw 
15 of clamp means 14 in the proper location. 
Closure member 12 has two arms 42 which may 
be pushed past notches 40, forcing latch exten- 
sions 39 on each side Of housing It outvyard and 
permitting closure member 12 to be attached to 
housing 11. 

FIG. 5 is a cross-sectiohal end view of housing 
11. showing base 23 with cable guide members 38 
and jaw positioning means 41 extending upwardly 
therefrom. Each side nnember 25 has a latch exten- 
sion 39 and notch 40 Is at the rear portion. Roof 24 
has guide ribs 29 pendant from its underside^ Op- 
tlonal support member 34 is also shown. 

FIG.- 6 shows the assembly of housing 11, 
closure member 12 and lower jaw 15. Extending 
rearward from each sidb member 25 is a latch 
extension 39 with notch 40.. Each of the two 
notches 40 interlock with an indentation 43 at the 
rear end of each closure member arm 42, to hold ^ 
closure member 12 and" housing 11 tightly to- 
gether, but permitting their separation when so 
desired. 

■ Closure member 12 contains aperture 44 for 
carrying a cable, not shown. Cable guide means 38 
.comprises two members attached to the rearward 
extension 35 of base 23. Jaw positioning means 41 
and jaw retainer means 45 together act to hold the 
jaws 15, 16 in position. Jaw positioning means 41, 
shown in FIG. 6 and more clearly in FIGS. 7 and is 
shown as two members attached to base 23 which 
are inserted in corresponding lower jaw apertures 
46, preventing upward or outward movement of the 
jaws. Jaw. retaining means 45. also shown in FIG. 6 
and more clearly in FIGS. 7 and 8, prevents move- 
ment of the jaws rearward, by blocking such move- 



ment. 

Also shown in FIG. 6 are teeth. 47 on the inner 
surface of lower jaw 15. These teeth may be 
punched from the jaw member or fabricated in 
. 6 some other way on either or both of ;the jaws if so 
. desired. These teeth project rearwardly from the 
surface, and resist movement of the electrode on 
the jaw surfaces. Other means for resisting move- 
. ' ment may be used, indudinig a rough-grained sur- 
70 face formed on the inner surface of one or both 
jaws 15, 16. 

Lower jaw 15. is shown with a downwardly bent 
front end . 17 vvhich comprises a lower insertion 
ramp for guiding the electrode into the jaws open- 

■ 15 ing. The upper javy 16 preferably has a similar, but 
upwardly bent front end 18 comprisinig ..an upper 
insertion ramp. . These upper insertion ramp 18 and 
lower insertion ramp 17. are more clearly shown in 
FIGS. 7 and 8. Preferably, these ramps are be- 

20 tween 20 and 60 degrees from the horizontal plane, 
for guiding an electrode into the spaced jaw open- 
ing. 

FIG. 7 shows the invention with the upper jaw 
16 in the normally open position, and. FIG. 8 shows 

25 the upper jaw 16 pivoted downward; towards the 
lower jaw 15 in the closed, electrbde retaining 
position. The lower and upper jaws. 15 and '16. are 
joined at their rear ends by flexible, resilient spring 
means .52 and together comprise the clamp means. 

30 Preferably, the clamp means is constructed from a 
single piece of spring metal by. bending the metal 
to form the jaws 15, 16 connected by resilient 
spring means 52. Teeth^47 on the inner surface of 
both jaws are shown. The clamp means is sup- 

35 ported along the lower surface of lower >aw 15 by 
base 23 and held, in position by Jaw positioning 
hneahs 41 and jaw retainer means 45. 

The lower surface 49 of slide plate 19 slides on 
the upper, surface of upper* jaw 16. while the upper 

40 surface 50 anid sloped front edge 51 are moved 
back and forth in contact with generally planar 
surface 32. transition area comprising'^ ramp 31, and 
lower surface 30 of guide ribs 29. Forward move- 
ment of slide actuator 26 by nriovement of finger 

45 movable member 20 forces the actuator downward 
along ramp 31 to a lower position. The actuator 26 
motivates upper jaw 1 6 pivotably downward to an 
electrode retaining position. Further fpryyard move- 
ment of slide actuator 26 on front lower planer 

50 surfaces 30 of ribs 29 frictionally locks the actuator 
26 to maintain the electrode retaining position. 

Preferably the upper surface of upper jaw 16 
presses upward against the guide ribs 29 when the 
slide actuator 26 is retracted and the jaws 15. 16 

55 are in their normally open position. The lower sur- 
. face/ 30 of the guide ribs, while generally planar, 
need not be exactly parallel with roof 24. In the 
preferred embodiment, lower surface 30 angles 
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slightly upward toward the front of the connector,, 
generally matching the. upward angle of: open up- 
per jaw 16, Such a slight upward angje. contributes 
to the locking action which holds the slide actuator 
26 in the forward position, and permits a wider 
opening between upper jaw 16 and lower jaw 1.5, 
when in the open position. 

Cable aperture 44 in closure member 12 and 
cable guide metnbers 38 hold a cable, not shown, 
in place. The cable 4 contains a conductive mem- 
ber, such as a wire, whiqh is conductively attached 
to claim means 14-, preferably to spring means 52 
or to the javs near the- rear end. thereof > 

FIG. 8 shows the connectar irr the closed. : 
electrode retaining position,, with the actuator 26 in 
the forward lacked position. The upper and. lower 
jaws provide planar surfaces for holding the^ elec- 
trode. Cable ret^ner 56 Isr a member located above 
the cable aperture 44 and extending forward to 
retain cable 4-, not shown, within cable guide mem- 
bers 38. 

Transverse ridge 2t is shown as extending 
downwardly across the lower surface of base 23, 
and assists in gripping the connector during ac- 
tuation. 

RG. 9 shows the front Snd of closure member 
12, having a closure member arm 42 on each side. 
A front-to-rear extension slot 55 holds rearward 
extension 35 when the closure member 12 and' 
housing 11 are. Joined. Cable aperture 44 also 
passes through closure member 12. Cable ret^ner 
56 above aperture 44 is as previously described. 
Javy retainer means 45 project forwardly from the 
closure member 12 to prevent the clamp means 
from moving to the rear. 

RG. 10 is a rear view bf closure member 12. 
and depicts cable aperture 44 and extension slot 
55, as well a.s the indentation 43 along each side 
into which notches 40 of the housing snap to hold 
the closure member 12 and housing 11 tightly 
together. 

RGS. 11 and 12 are cross-sectional sFde views 
of closure member 12. and show closure member 
top 57, bottom 58 and rear 59. Closure member. 
. arms 42 extend forwardly. Jaw retainer means 45 
and cable retainer 56 are shown, and FIG. 12 
shows the cable aperture 44 passing through the 
rear 59 of the closure member 12. 

. The slide actuator 26 is Illustrated in FIGS. 13 
and 14. The actuator comprises a slide plate 48 
surmounted by a finger movable member 20 
adapted to slide in slot 27 in the roof 24 of the 
housing 11. The front edge 51 of the slide plate is 
angled downwardly toward the front, for sliding on 
corresponding ramp 31. The lower surface 49 and 
upper surface 50 are preferably parallel or . nearly 
parallel and the rearmost portion 60 of upper sur- 
face 50 may be angted downwardly as showr\. In 



FIG. 13. the opposite sideis of slides plate 19, in 
, the rear portions thereof, are inderited with indenta- 
tions 66- to permit passage of the slide plate be- 
tween the closure member arms * 42. Alternatively. 
$. the closure member arms 42 may be indented 
instead of the slide plate.- Additional alternative 
constructions are. possible. 

A bottom view of an embodiment of the clamp 
means is pictured in FIG. 15. Lower jaw 15. has two 
TO lower jaw apertures 46 into which fit jaw positioning 
means 41 of base 23. Rear apertures 61 and 67 
arie optional apertures for assisting In the attach- 
ment of cable 4 to the clamp means. For example, 
the cable end may be inserted into aperture 61 and 
rs soldered thereiri, or It may be 'wrajjped around 
opposing corner apertures 67 and crimped, for 
example, to provide a conductive connection. 

Ah alternative embodiment of the housing is 
shown In FIG. 16. This embodiment is useful for 
20 connections with flat electrodes 2 which are untab- 
bed- Each side member 62 has a frjDnt. opening 65 
extending rearwardly along the side. The lower 
edges 63 of the openings are contiguous with or 
lower than the lower jaw 15^ and the upper edge 64 
25 is spaced therefrom to provide sufficient room for 
insertion of the edge of the untabbed flat electrode 
whibh is wider than the connector width. 

While the embodiment shown In RGS. 3-5 
depicts slide actuator guide means as the surfaces 
3o on two ribs 29 and the planar area 32 on the 
underside of the roof just reanvard of the ribs, other 
constructions are also feasible. For example., the 
space between the two ribs, the space between the 
ribs and side members 25 or both spaces may be 
35 filled in to the same lower level to provide a single 
rib replacement member. Also alternatively, ribs 29 
may be attached to side members 25 instead of 
the roof 24. In other embodiments, any number of 
ribs 29 may.be used. Preferably, a plurality of two 
40 to four ribs is used as the front portion of the 
. actuator . guide means. In each case the actuator 
guide means comprises front and rear generally 
planar surfaces connected by a fransition area 
comprising a ramp, and the rear planar surface is 
45 higher than the front planar surface. 

This invention may be used with stiff surface 
electrodes such as those with metallic plate sur- 
faciBs. The invention is particularly useful, however, 
for the conductive connection to relatively soft elec- 
50 trodes having conformable rublper. foam polymer or 
other sirriilar construction. The electrode is held in 
place, by relatively large jaw surfaces instead of the 
• small surfaces found in alligator clips for example. 
The connector of this invention can easily be 
' 55 made very small and with a low profile, while 
providing a secure physical and conductive con- 
neption. This invention enables a patient to be 
' EKG-monitored for extended periods with reduced 
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opportunity for disconnection -during the patient's 
normal movements. For example a connector 
..weighing less than 5 grams and having a thickness 
of only 7 mm provides about 1 square cm of 
surface area on each jaw for holding an electrode. s 

A further advantage of this invention is the 
reduction or elimination of accidental short circuits: 
The electrically active elements are protected by 
the housing and closure member to prevent such 
accidents. With an electrode inserted into the con- .10 
nector of this inviention. It is difficult to touch the . 
conductive members of the connector with a firiger 
or other body member. 

The connector 3 is easily attached or detached 
from an electrode using one hand only. 75 

An advantage of this connector is that both the 
upper and lower jaws are conductive, so that the 
orientation of the connector to the" inserted elec- 
trode is immaterial. This is important because • • 
many flat electrodes used in medical appllcaitfons 20 
•are generally conductive on one side only. 

The dimensions of the connector, can be varied 
for various electrode thicknesses, and for achieving 
a desired release force with particular electrodes. 
For example, prototype connectors of this invention 25 
have been made with have a release force of 4-5 
: pounds force (i. 8-2.3 kg. force) vyith particular EKG 
electrodes vyith vinyl foam backing. Conventional 
connectors used with these electrodes have a re- 
lease force of about 2 pounds force (0.9 kg. force), 30 
and easily become disconnected at inopportune 
times. 

With the present invention, relative movement 
. of the electrode and the connector jaws is resisted 
by the large surface area of the jaws which clamp 35 . 
the electrode. Thus, artifacts In the trace resulting 
from such movement are avoided. 

This invention permits insertion of an electrode 
into a jaw opening having a height greater than the 
electrode thickness, avoiding scraping of the elec- 4o 
trode surface which occurs with spring jaw connec- 
" tors of the prior art. 

; Numerous characteristics and advantages of 
this invention have been set forth in the foregoing 
description. It will.be understood, however, that is 4s 
disclosure is In many respects illustrative only. 
Changes may be made in details, particularly in 
matters of shape; size and arrangement of parts 
without exceeding the scope of the invention. The 
scope of the invention is defined the appended 50 
claims. 



Claims 

1. A connector for removably attaching a flat 
electrode to a conducting cable, comprising: 
clamp means comprising a flat upper jaw and a flat 



lower jaw each having front and rear ends, said 
jaws comprising conductive resilient flexible sheet 
material and having inner facing surfaces spaced 
from each other at said front end for accepting and 
retaining a flat electrpde therebetween, and joined 
at the opposite,, rear ends by flexible resilient 
spring means to nornrially maintain said jaws in an 
ophn position, and. adapted for pivotal' downward 
movement of said upper jaw towai-d said lower jaw 
to an electrode ret^ning position in which said 
facing surfaces of said jaws resist movement of 
said flat electrode retained therebetween, said 
clamp means adapted for conductive attachment to 
a conducting cable; 

a slide actijator, comprising a generally flat slide 
plate having a forwardly directed/ downwardly 
sloped front edge oif a finger movable member, 
attached to the upper side of said plate for mbving 
said actuator forward and backward; 
a housing having a front opening .and adajDted to 
contain said clamp means and said slide actuator 
above said clanrip means, said, front opening lead- 
ing to said open front end of jaws within said 
housing, said housing comprising 

(a) a base for supporting said clamp means; 

(b) a roof with rearward opening slot therein, said 
slot adapted for passage of said fingeF movable 
member therethrough; 

(c) two side members, each joining the correspond- 
ing lateral, edges of said base of roof; and 

(d) slide actuator guide means at or below the 
underside of said roof, having front and rear gen- 
erally planar , lower surfaces separated: by a transi- 
tion area comprising a forwardly directed ramp 
angled .downwardly from, said rear surface to said 
front surface, wherein first forward movement of 
said slide actuator forces said actuator downward 
along said guide means ramp to motivate said 
upper jaw pivotally downward to said electrode 
retaining position, and further forward movenrient of 
said slide actuator along said front planar lower 
surface frictionally locks said slide actuator to 
maintain said electrode retaining position; and 

a closure member abutting the rear of said housing 
and attached thereto for retaining said clamp 
means and said slide actuator within said housing, 
said closure member having an aperture thereth- 
rough for carrying said cable to said clamp means. 

2. The connector according to claim 1 . wherein 
said the front generally planar surface and the 
transition area of the slide actuator guide means 
comprises a plurality of ribs integral with said roof 
and pendant therefrom in parallel alignment with 
said slot. 

3. The connector according to claihi 1. further 
comprising at least one aperture In said rear end of 
said lower jaw; and at least one jaw. positioning 



7 



0 268 364 



means extending, upwardly from said bas& to rest 
in said lower jaw aperture for maintaining, tfie posi- * 
. tipn thereof within said housing. 

4. The connector according to claim t=. further 

. comprising a transverse ridge on the outer surface 5 
of said base for gripping said connector. . 

5. The connector according to claim 1 . wherein 
said conductive resilient flexible sheet material is 
spring metal. 

6. The connector according to claim 1, wherein . w 
said damp, means Is conduQtively attached to said 
conducting cafal0 with solder, 

7. The canrrectar according to claim wherein 
the front edge of said lower jaw is bent downwardly 
.and the from edge of safd upper jaw is bent upwar- is 
dly, said downward and upward bends cpmprisihg 
ramps for insertion of said flat electrodes inserted " 
between the jaws. 

8. The connector acQording to claim 1. further 
comprising rough grained surfaces on one or both 20 
of said jaw inner facing surfaces for resisting, move- 
ment of an electrode retained therebetween. • 

9. The connector according to claim 1, further 
comprising a plurality of reanrtrardly projecting teeth 

on one or both said jaw . inner facing surfaces for 25 
resisting mvoement of an electrode retained there- 
iaetween, 

10. The conhebtor according to claim 9. 
wirrerein said teeth are electrically conductive. 

.11. The connector according to claim t, further 50 
comprising slots in said side members adjacent to 
sides of said ciamp means, said slots adapted for 
the insertion of an electrode therein having a width 
greater than the width of said connector and for 
removably retaining said wide electrode within said 35 
clamp means. 

12. the connector according to claim 1, further 
comprising jaw retainer means connected to said 
cipsure member, said jaw retainer means abutting 
said rear end of said jaws when said closure mem- 4o 
ber is attached to said housing with clamp means 
therein, to prevent movement of said clamp means 
within said housing. 
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